When leaves of Bryophyllum tubiflorum were cut into transverse sections, and held at 20 C in the dark, the capacity to accumulate organic acid decreased with decreasing section thickness. In addition, the rate of respiration increased with decreasing section thickness and was unaffected by changes in 02 concentration above 5% or by the presence (1%) of CO2. It was concluded that 02 ventilation is not a controlling factor in respiration. Malonate (0.1 M) and fluoroacetate (0.01 M) restored the capacity of sectioned leaves to accumulate acid to normal levels and depressed respiration in 1-millimeter sections. Acid accumulation in 8-millimeter sections remained essentially constant at 20, 15, and 10 C, and was equal to that in unsectioned leaves, but accumulation in 2-millimeter sections rose to normal levels as the temperature fell to 10 C. Twenty-three additional metabolic inhibitors (none specific to the tricarboxylic acid cycle) were screened, and none promoted acid accumulation in sectioned leaves at 20 C. 
leaves to accumulate acid to normal levels and depressed respiration in 1-millimeter sections. Acid accumulation in 8-millimeter sections remained essentially constant at 20, 15 , and 10 C, and was equal to that in unsectioned leaves, but accumulation in 2-millimeter sections rose to normal levels as the temperature fell to 10 C. Twenty-three additional metabolic inhibitors (none specific to the tricarboxylic acid cycle) were screened, and none promoted acid accumulation in sectioned leaves at Figure 3 , was first reported by Bruinsma (6) during an investigation of CAM in B. tubiflorum. Our research was an effort to elucidate this sectioning effect.
Crassulacean acid metabolism gives rise to the accumulation at night of free organic acid (principally malate) in the green tissues of many succulent plants and the disappearance of acid during the day (2, 3, 24 carboxylation of P-enolpyruvate (via P-enolpyruvate carboxylase) and the reduction of oxaloacetate to malate (via malate dehydrogenase) is well established. The origin of P-enolpyruvate is not clear. There is some evidence that it arises after carboxylation of ribulose-1 , 5-diP produced by the pentose phosphate pathway (3, 4, 26) , but doubt has been cast upon some of the evidence (27) . Alternatively, P-enolpyruvate may be produced in glycolysis, and recent data strongly support that origin (9) . The first step in the de-acidification process is decarboxylation to pyruvate (via malic enzyme) (11) . Pyruvate may then be oxidized via the tricarboxylic acid cycle, but there is some evidence that the three-carbon chain of pyruvate may be incorporated intact into starch (13) , perhaps after conversion to P-enolpyruvate, via pyruvate Pi dikinase (17) . The mechanisms which control malate concentration throughout the diurnal cycle are also poorly understood (16, 28) , though the effects of temperature and the competition from photosynthesis for CO2 are probably important. CAM has been interpreted as a xeric adaptation in which CO2 assimilation occurs at night when the stomata are open and the tissue can be ventilated without major water loss.
Wounding may induce a number of physiological changes in a variety of plant organs. Virtually nothing is known about the initiation of these changes, but events such as slicing, dropping, dicing, growing against an obstruction, change in orientation toward gravity, and detachment of epidermis all lead to acclerated ethylene production in various organs (22) . An increase in respiration is also common, and has been recorded in a number of tissues following a variety of treatments (1, 18, 25) . In addition, the rates and specificity of ion absorption may change drastically in sectioned tissues (23, 25) . The role of 02 in the aging of tissue slices has been a subject of controversy (18) . It appears that the initiation of metabolic changes in sectioned potato cannot be due to exposure to atmospheric 02 (8) . Once initiated, 02 must be present in order for the metabolic changes associated with aging to develop (19) . Nor does the diffusion of CO2 or of nonvolatile compounds appear to be a causative factor (18) . The (6) and Kinraide (16) the youngest, fully expanded leaves were cut from the plant in the late afternoon or evening when acid content was low. The leaves were about 10 cm long, 5 mm wide, and roughly cylindrical in shape. If slices were to be used, transverse cuts were made by hand with a razor blade, and slices were usually dropped into distilled H20 and swirled briefly. Unless otherwise indicated, sections were then transferred to flasks containing various solutions and a gas phase of 5%O CO2 and 95% air, and incubated overnight, in the dark, at 20 C. A variety of methods for the extraction of organic acids was compared, and the following procedure was finally adopted. The leaves were split lengthwise with a razor blade (unless the section lengths were less than 4 mm) and 50 ml of H20 were added to each sample. The mixture was boiled for 10 min and allowed to stand for several hours. The formation of isocitrate lactone likely to arise by this method of extraction (20) was not considered significant. When acids were to be separated by chromatography, the sections were blotted to surface dryness, then quickly ground in a mortar, centrifuged, and decanted, and the supernatant cell sap was frozen. Estimation of Total and Free Organic Acid. The extract, adjusted to 50 ml, was brought to pH 3 with 1 N HCI and 0.1 N NaOH (C02-free), then titrated to pH 8 with the NaOH. The total organic acid was calculated from the amount of NaOH required to titrate the mixture, minus 50 ,ueq required to titrate the HCl between pH 3 and 8. A pH of 3 was chosen due to the increased difficulty of accurate pH adjustment at lower values and to the increasingly large amounts of base needed to titrate the HC1. (29) . In some experiments the flasks were flushed with 02 or N2.
In one series of experiments a Clark-type oxygen electrode was used to measure 02 consumption. Calibration was performed with air-saturated H20 and with O2-free H20 (sodium hydrosulfite solution). Sixteen, 1-mm sections were placed in a 3-ml chamber with air-saturated water at 20 C. The O2 electrode was sealed in place in contact with the water which was stirred magnetically. After a period (20- Figure 1 . 163 (14) 166 (17) 112 (12) 145 (2) 148 (13) 107 ( 97 (14) 126 (5) 60 (0) 180 (46) 142 (22) 114 ( isocitrate are the only acids which accumulate to a significant extent (10% or more of the total) in the tissue. Leakage of acids from the tissue into the medium was insignificant. Though the assay techniques were as sensitive (approx. 1 Aeq/g fresh tissue)
to succinate as to other acids, none was measured. Incubation of leaf sections at reduced temperatures eliminated the sectioning effect (Table III) . Eight-millimeter sections were insensitive to temperature changes between 10 and 20 C, but accumulation of free acid in 2-mm sections was promoted 56%o at 10 C.
Reduction of Rate of Respiration by Malonate, Fluoroacetate, and Reduced Temperatures. The rate of respiration in sectioned leaves was reduced by a reduction in temperature from 35 to 20 C (Table I) and by the addition of malonate (Fig. 4) . Fluoroacetate also effected a reduction in rate. Measurements, taken with the 02 electrode, were made in water and subsequently in 0.1 M malonate, 0.01 M fluoroacetate (both at pH 5) or in water. 
DISCUSSION
The characteristic relationship between section length and rate of respiration (Fig. 1) (14) and thereby reduces the concentration of pyruvate. Through a mass-action (product-removal) effect malate and P-enolpyruvate are also consumed at a greater rate. A reduction in the concentration of P-enolpyruvate would diminish the rate of synthesis of malate and could conceivably unblock the activity of P-fructokinase, for which P-enolpyruvate is a negative modulator (15), thereby reducing the concentratiob of the branch point intermediate, glucose-6-P. This latter event would be significant only in the event that the double-carboxylation pathway must be followed for malate synthesis.
Previous authors (24) have postulated a competition between malate synthesis and respiration for key intermediates. Brunnhofer and colleagues (7) have shown 02 consumption to be depressed during peaks of dark CO2 consumption in B. daigremontianwn at 20 C. Brown (5) discovered that acid accumulation and CO2 fixation in Kalanchoe leaves were enhanced by malonate and fluoroacetate, and others (10) have concluded that lightdependent deacidification of Aloe leaves depends upon the operation of the tricarboxylic acid cycle and the electron transport chain of the mitochondria. Cyanide, azide, and arsenite inhibited acid accumulation in Brown's study, and we have found CCCP and DNP to prevent acid accumulation (16, and 
